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EDITORIAL
Scaffolds: Orchestrating proteins to achieve concerted function
The intracellular compartment consists not of a bag
of cytoplasm where biomolecules aimlessly traverse until
they eventuate their respective fates, but rather a highly
complex and sophisticated system of microenvironments
where metabolic, transport, synthetic, and signaling func-
tions are tightly regulated in space and time. The concept
of organization of proteins in close physical proximity
is well known. Srere [1] coined the term “metabolon,”
poetically portraying the structural clustering of Kreb’s
cycle enzymes to fulfill optimal utilization of metabolic
intermediates. As far as protein function is concerned, this
paradigm is the rule rather than the exception. Although
functional partners can directly associate with each other,
generic “scaffold proteins” often purvey this service. From
the viewpoint of cell function, scaffold proteins assume
the role of the conductor rather than the musicians in an
orchestra.
In this issue of Kidney International, Gisler et al [2, 3]
accomplished an important stride in the scaffold field in
the renal proximal tubule. PDZK1, which was originally
identified as a transcript up-regulated by dietary phos-
phate depletion using differential display [4], is now shown
to be an important scaffold protein, providing docking for
multiple candidates utilizing four copies of the molecular
velcro—the PDZ domain [2, 3, 5]. A PDZ domain binds
to very short stretches of amino acid motifs, preserving
amino acid economy. At the same time, PDZ domains
are permissive of certain deviation from the consensus
sequence, thus allowing a broader scope of binding to not
only carboxy-termini, but internal polypeptide targets and
even lipids [6]. Unlike ubiquitous multi-PDZ scaffolds
such as EB50/NHERF, PDZK1 is unique to the kidney
and intestine [4]. In the kidney, it is restricted to the
proximal tubule brush border [2, 3, 5] and likely serves a
multitude of specialized proximal tubule functions. Al-
though definitive functional data for PDZK1 is still forth-
coming, multifarious possibilities abound. Its apical loca-
tion may contribute a “road sign” to be recognized as
final destination of protein sorting and/or maintenance of
epithelial polarity. The association between two scaffold
proteins such as PDZK1 and NHERF-1 [2], each with
multiple docking sites, provides amplification of the num-
ber of possible candidates that can oligomerize through
the scaffold.
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The ability of PDZK1 to simultaneously bind to more
than one brush border membrane protein is crucial for
proximal tubule function. The proximal tubule is charged
with the task of reabsorbing the bulk of the glomerular
filtrate that encompasses a wide variety of solutes. Individ-
ual transporters are often enrolled to fulfill multiple func-
tions. The Na/H exchanger NHE3 mediates both NaCl
and NaHCO3 absorption in the proximal tubule. The asso-
ciation of the NHE3 with the Cl/formate exchanger
(CFEX) by PDZK1 allows net NaCl transport across the
apical membrane, thereby commissioning NHE3 to a
NaCl absorptive mode [7]. Conversely, PDZK1-mediated
association of NHE3 with the Na-inorganic phosphate
cotransporter NaPi-IIa can create an acidic luminal micro-
environment titrating phosphate to the non-transported
divalent and/or monovalent species, thereby depleting the
preferred substrate for NaPi-IIa. This may be one mecha-
nism to inhibit phosphate uptake to furnish the luminal
buffer required for heightened proximal tubule H secre-
tion. If one envisions a regulated dynamic on/off docking
of NHE3 with either CFEX or NaPi-IIa, then PDZK1
assumes a pivotal role in partitioning NHE3 to either
NaCl or NaHCO3 absorption. The ability of PDZK1 to
cluster NaPi-I and URAT1 is intriguing in that both trans-
porters exhibit anion-urate exchange activity, albeit with
slightly different profiles of anions. The scaffold may pro-
vide a platform for regulated apical urate uptake. The
organic cation transporter OCTN1 is an electroneutral
cation exchanger that uses luminal H to extrude a myriad
of organic cations from the cell into the urine. The ability
of PDZK1 to couple OCTN1 to NHE3 provides the nec-
essary lumen-to-cell H gradient, and the multiprotein
complex will be functionally tantamount to a Na/organic
cation exchanger. The physiology of apical membrane ion
transport mandates the presence of some form of scaffold.
These and many other paradigms remain to be explored.
The spatial restriction of transduction of extracellular
to intracellular signals is also achieved by scaffolds. For
instance, it will indeed be a true disaster if the cell allows
all Gs-coupled receptors to propagate an identical wave
of cyclic nucleotides across the cytoplasm, leaving the cell
pondering whether parathyroid hormone or dopamine
has come to call. The assembly of multiprotein complex
around specific cell surface receptors may provide some
degree of spatial restriction. Even if a cyclic AMP wave
is propagated through the cell, specificity of targets can
still be preserved by restricting the effectors of cyclic AMP
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to specific locales. The cAMP kinase anchoring family of
proteins (AKAPs) fulfill this function by tethering protein
kinase A (PKA; effector of cAMP), as well as phospha-
tases (terminator of the cAMP effect) near its phosphory-
lation/dephosphorylation targets [8]. In contrast to the
ubiquity of most AKAPs, the dual-specific (duality refer-
ring to binding to both RI and RII regulatory subunit)
AKAP termed D-AKAP2 [9] in the kidney is restricted
to only the apical membrane of the proximal tubule and
associates with PDZK1 [3]. Considering the large number
of cAMP-regulated processes in the proximal tubule brush
border, PDZK1 will undoubtedly be one major determi-
nant of whether a protein will be phosphorylated by PKA.
PDZK1 may be the bearer of cAMP sensitivity in the
proximal tubule.
The work of Gisler et al constitute a seminal first step
in understanding the role of PDZK1 in proximal tubule
function by providing the identities of the interacting part-
ners, their immunolocalization, and information on re-
gions of interaction. This lays the foundation for further
functional characterization of these highly complex and
critical interactions. No comprehension of organ or cell
function is complete without knowledge of the scaffold-
ing proteins as they orchestrate the function of individual
proteins into a harmonious and meaningful concerto.
Without scaffolds, the cell will drown in the dysphonic
cacophony of each protein, obliviously dispatching their
function randomly in space and time.
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